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Supplementary Table 1: KIRC sample size of separate stages

Stage Stage [ Stage 11 Stage 111 Stage IV Total

Patients 196 41 113 67 417

Supplementary Table 2: Likelihood test of SMGs distribution in separate stages (Logistic
regression)

Gene p-value(Likelihood)

PBRM1 0.3204
BAP1 0.0062
VHL 0.0285
SETD2 0.0691
TTN 0.1376
MUC4 0.0793
KDMS5C 0.9838
MTOR 0.2877

Supplementary Table 3: Survival outcome of known driver genes

Gene Stage p-value(log-
rank)

VHL 1 0.827
PBRM1 1 0.114
MUC4 1 0.0482
TTN 1 0.893
SETD2 1 0.484
MTOR 1 0.517
KDMS5C 1 0.103
BAP1 1 0.281
VHL 2 0.012
PBRM1 2 0.371
MUC4 2 0.161
TTN 2 0.511
SETD2 2 0.0851
MTOR 2 0.585
KDMS5C 2 0.0975
BAP1 2 0.807
VHL 3 0.655
PBRM1 3 0.317
MUC4 3 0.0277
TTN 3 0.396
SETD2 3 0.49
MTOR 3 0.899




KDMSC 3 0.144
BAP1 3 0.345
VHL 4 0914
PBRM1 4 0.265
MUC4 4 0.372
TTN 4 0.215
SETD2 4 0.251
MTOR 4 0.827
KDMS5C 4 0.909
BAP1 4 0.196
VHL all 0918
PBRM1 all 0.373
MUC4 all 0.0179
TTN all 0.945
SETD2 all 0.271
MTOR all 0.316
KDMS5C all 0.0586
BAP1 all 0.101

Supplementary Table 4: Degree of KIRC evolution DAG

Gene In-degree  Out-degree In- Out-degree(weighted)
degree(weighted)

ARID1A 1 1 31 20
BAP1 1 1 13 15
DNAH14 1 0 4 0
DNHD1 1 0 10 0
FLG 1 0 5 0
HMCN1 1 1 18 10
KMT2D 1 0 11 0
MTOR 1 0 4 0
MUC16 2 1 22 5
MUC4 5 9 155 101
PBRM1 5 7 183 86
PCLO 2 0 20 0
PDZD2 1 0 10 0
PHF7 2 0 30 0
PRUNE2 2 0 19 0
RRS1 1 0 13 0
RYR2 1 1 14 10
SDK1 1 0 10 0
SETD2 3 0 25 0
SMG1P7 2 2 36 26




TTN 5 1 92 7
VHL 1 19 10 485
WNK1 2 0 30 0
FMN2 0 1 0 5

Supplementary Table 5: Survival outcome of trunk genes

Gene Stage p-value(log-rank)

ARID1A 1 0.956
WNK1 1 1.26E-11
DNAH14 1 0.609
DNHD1 1 0.758
FLG 1 0.443
FMN2 1 0.145
PRUNE2 1 0.867
RRS1 1 0.781
RYR2 1 0.611
SDK1 1 0.262
PCLO 1 0.304
PDZD2 1 0.684
HMCN1 1 0.0596
KMT2D 1 0.855
MUC16 1 0.192
PHF7 1 0.671
SMG1P7 1 0.973
ARID1A 2 0.845
WNK1 2 0.382
DNAH14 2 0.629
DNHD1 2 0.000404
FLG 2 0.409
RRS1 2 0.25
RYR2 2 6.95E-07
SDK1 2 0.343
PCLO 2 0.402
HMCN1 2 0.929
PHF7 2 0.487
SMG1P7 2 0.982
ARIDIA 3 0.261
DNAH14 3 0.738
DNHD1 3 0.298
FLG 3 0.539
FMN2 3 0.451
RYR2 3 0.696




SDK1 3 0.808
PCLO 3 0.214
PDZD2 3 0.24
HMCNI1 3 0.0398
KMT2D 3 0.264
MUC16 3 0.043
PHF7 3 0.457
SMG1P7 3 0.254
ARIDIA 4 0.856
DNAH14 4 0.903
DNHD1 4 0.31
FLG 4 0.721
FMN2 4 0.0724
PRUNE2 4 0.113
RYR2 4 0.721
SDK1 4 0.548
PCLO 4 0.000191
PDZD2 4 0.756
HMCN1 4 0.136
KMT2D 4 0.939
MUC16 4 0.535
PHF7 4 0.79
SMG1P7 4 0.702
ARIDIA all 0.398
WNK1 all 0.32
DNAH14 all 0.592
DNHD1 all 0.0383
FLG all 0.785
FMN2 all 0.501
PRUNE2 all 0.599
RRS1 all 0.958
RYR2 all 0.321
SDK1 all 0.199
PCLO all 0.211
PDZD2 all 0.904
HMCN1 all 0.286
KMT2D all 0.202
MUC16 all 0.322
PHF7 all 0.545
SMG1P7 all 0.324




Supplementary Table 6: UCSC database enrichment

stage gene PPI_enriched_gene ratio

1 5 3 0.6

2 6 126 21

3 20 153 7.65

4 35 136 3.885714286

Supplementary Table 7: Edges weight larger than 3 after bootstrap

edgeList0

Stagel

Stage2

Stage3 Stage4

VHL,PBRM1

62

26

59

o)
(o)}

VHL,TTN

34

p—
\S]

10

(O8]

VHL,MUC4

30

48

S
S

PBRM1,TTN

19

4

PBRM1,MUC4

13

N
S

VHL,MUC16

12

PBRM1,MUC16

p—
S

VHL,RYRI

TTN,USH2A

VHL,KDM5C

PBRM1,SMG1P7

N|—=| = O Wl W

PBRM1,SETD2

1

(e}

MUC16,PRUNE2

VHL,SMG1P7

VHL,FMN2

VHL,SETD2

PBRM1,MUC6

FMN2,NFATS

HSPAS,SPECC1

PBRM1,HSPAS

PBRM1,PDE4DIP

PBRM1,PRG4

VHL,PCNT

VHL,CSMD3

VHL,SSPO

PBRM1,LRP2

PBRM1,KDMS5C

VHL,MTOR

p—
Vi N Eel el lelleliel el =l el el o il k=R =Ko I K=l Rl Rl Nl i \S ) R} BN )

PBRM1,VHL

p—
S

MUC4,PBRM1

p—
S

MUC4,TTN

N = O OO0 OO OO NN OO o000~k

p—
~J

VHL,HMCN1

p—
~J

(e}

MUC4,PCLO

il B \S NI \C RIS R I S i S R S B N e I E I E R R E LR IRV IRV, e Y e N e W I NN e )

p—
(9]

(=} NejlNe N No N RN B SN Rl N e) el el el el R R EN § N i 1 S 3 o)

(e}




VHL,RYR2 14 0 0
MUC4,FLG 4 0 0
VHL,KMT2C 0 4 0
VHL,KMT2D 0 10 0
MUC4,SMG1P7 21 3
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Supplementary Fig 1: Logistic regression model of mutation and stage
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Supplementary Figure 2: Function enrichment of trunk genes. (A) GO slim. (B) GO database.

A Bar chart of Biological Process categories Bar chart of Cellular Component categories Bar chart of Molecular Function categories
144

T8 585585533 EES§EESLTS perppRrrorer
EL55 4. §E . .
SEEEEREEEE fiiRdi5idy SRR RN
LES RN RRE 18 S8®g3ECE e 2y 5
ElgiiEcEt R R EfEgsdigtias
5 3z p- € - s a3 S% 2 ]
g5 = - tE5 5 = EEE £E
%i%% Sgi 2 g}%’g = Sg 2 g%
s oz 2 g & g
53 § §552 g 53
3 b £ g |
5 E g
E

B ===

GO00e4a238 | | GO0OTIMH | | Gopoearia || Goioouazar

N | r-rregd P
Sl || sbEm ||*RemE|| e ||
e || RERE || TR

'VHL PBRMI MUC4

. VHL.PBRMI.SETD2

. VHLPBRMI XIRP2
'VHL.PBRM1.DNAH17

“"VHLPBRMI KMT2C
o

VHL,PBRM1 EGFR

@) - VHLMUGHS ————  VHLMUC4FMN:

VHL,PBRMI, TTN .—~ MUCI6BAPI ~——  MUCI6,BAPI ITGA7
=
ABCAI3 ——~ ABCAI3AQR —~  ABCAI3AQRPCDHBII
VHL.PBRMI,MUC4 < =t EORES
— VPSI3D - CACNAIEVPSI3D ~ —~  LRPI.CACNAIEVPSI3D
PBRMI VHL PBRM1,SMGIP7 P

. VHLPBRMIMEDI2L
. VHLMUC4TTN
VHLMUC4PRUNE2

VHLMUC4,ABCAI3

'VHL,PHF7,MUCSB
7 VHLPHF7,YLPMI
FBRN) ——-«PBRMINPRINS - PBRMIMEDI2LNPRI
TIN - TINHUWEI - TTN.HUWEI ZNF318

'VHL.PBRM1,SETD2 SETD2SCG2 ————~ SETD2,SCG2,SLC35B3

VL PBRMILEMCNI . COL2AI - COL22AICSFIR - COL22A1CSFIRNBPFI0

- " ATPIAl -  ATPIALGPR9S - ATPIA1.GPR98.APOB

\\APKHDILI —e KDMS5C PKHDILI — KDMSC PKHDILIPRX

MUC4,SMGIP7 MUC4.SMGIP7,BAP1

TTN

TINXIRP2 ——— TTN,ACACA XIRP2
DNMIP46,MUC6 - DNMIP46,MUC6,PABPC1

MYOl0 ——  MYOI0O,CSMD2 —— MYO10,CSMD2.FYB FMN2.WDFY3 FMN2.PCLO.WDFY3

AHNAK2 —  AHNAK2DNAH9  — AHNAK2,DNAH9,PRBI1 PTPRQZBBX ————  ISTI.PTPRQ.ZBBX



Supplementary Figure 4: Entropy distribution of high bootstrap score nodes and edges. (A)
Nodes’ entropy. (B) Edges’ entropy. (C) Percentage of high bootstrap score nodes in total entropy.

(D) Percentage of high bootstrap score edges in total entropy.
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Supplementary Figure 5: PCLO stage IV expression survival curve (with low FMN2 expression)
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